Most T. pacificus hatchlings occur at 0-50 m depth, 6 which suggests that salinity might also affect the reproductive success of this species. The present study examines the effect of low salinity on the survival and development of T. pacificus hatchlings.
Fertilized eggs of T. pacificus were obtained by artificial fertilization using the method described by Sakurai et al. 7 Eggs were divided into groups of 67.5 (Ϯ 29.43 SD) per Petri dish filled with filter-sterilized, aerated sea water. The eggs were maintained in incubators under a constant photoperiod (12 h light/12 h dark), temperature (20°C) and salinity (33.45 psu). The sea water in each Petri dish was changed twice daily. Six hours after hatching, hatchlings that developed normally (i.e. as described in Watanabe et al. 8 ) were divided into groups of 20 per Petri dish and immersed in one of five salinity treatments: 33.45, 31.47, 29.57, 27.58, and 23.75 psu. The four less saline treatments were made by diluting 33.45 psu sea water with fresh water. All sea water used was filter-sterilized and aerated, and the treatments were maintained under similar conditions (except for the salinity) as during the embryonic period. In each treatment, six replicate Petri dishes were used.
Every 4 h, live hatchlings were classified as either 'normal' (similar to those described by Watanabe et al. 8 ) or 'deformed' (Fig. 1) , each group was counted and dead hatchlings were removed from the Petri dishes. 'Dead hatchlings' were defined as individuals that were not moving their mantles or the other part of their body. The development stage of each normal hatchling was determined based on the stage descriptions in Watanabe et al., 8 and hatchlings were observed to see if they could swim. Each treatment continued until most of the hatchlings reached development stage 32, which digestive gland becomes larger and the proboscis streches. 8 Survival rates 108 h after the start of treatments were high (>90%) in the three highest salinities, but dropped to 77.5% at 27.58 psu and 0.8% at 23.75 psu. Significantly fewer embryos developed normally to stage 32 at salinity 23.75 psu than at the higher salinities (P < 0.01, Sheffe's test, Fig. 2 ). The developmental rates of normal hatchlings were similar between treatments; most reached stage 32 by 108 h in all treatments.
None of the deformed hatchlings could swim, which suggests that they do not survive long. Therefore, the survival rate of normal hatchlings, by eliminating all dead and deformed hatchlings, was calculated. At the end of the experiment, the survival rates of normal hatchlings were 87. 5 (Fig. 3) .
Normal hatchlings in the 33.45 and 31.47 psu treatments could swim, but those in the 29.53 and 27.58 psu treatments, while capable of moving their mantles, could not swim. This suggests that T. pacificus hatchlings require salinity levels above 29.53 psu to survive.
Some studies reported the effect of low salinity in some neritic species. Embryonic survival of Loligo gahi was high, within 25.4-32.8 psu. 9 In Sepia officinallis, the highest hatching percentages were found above 29.8 psu, and some embryos hatched at 26.5 psu. 10 The present study shows that hatchlings of T. pacificus survival under slightly higher salinity levels compared with Loligo gahi and Sepia officinallis.
Low salinity water often covers from the East China Sea to Tsushima Strait, which is the spawning area of T. pacificus. 2, 4 However, the peak of low salinity water distribution occurs in summer. 4 It is supposed to be rare that lower salinity water than 29.53 psu covered with the spawning area of 1 mm 1 mm Effect of low salinity on T. pacificus
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T. pacificus widely in the autumn and winter, the main spawning season of this species. Therefore, salinity is assumed not to seriously influence T. pacificus stock.
